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Editorial

Alexandre Magnan 
Institut du développement durable et des relations internationales (IDDRI), Sciences Po, Paris

More than twenty laboratories throughout the world are now developing new climate scenarios in order to feed the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change (IPCC) that is planed for 2014. We can expect therefore that in the next few years, climate 
science will refine its simulations and propose a much more precise view of the future in terms of the evolution of the main climate parameters 
(averages, extreme events) and of associated impacts at regional and local levels. Public and private actors from various fields, including 
social-health, need these assessments and evaluations to implement anticipatory action. Consequently, there is a strong temptation to wait 
until these outputs become available. However, apart from the certainty that climate change is real, many scientific and methodological 
challenges remain. They take the form of uncertainties (about specific trends, about local impacts, etc.) that cannot be reduced rapidly. It is 
necessary therefore to take action now. This implies to clearly understand why climate change will affect the future living conditions of societies 
all over the world, as it is this understanding that will inform future anticipatory actions (see the articles by P. Pirard et al. and D. Bitar et al. 
in this issue).

Climate change must not only be seen as a modification of the atmospheric and oceanic conditions on a global level. Doing so would mean 
disconnecting climate change from the realities of a health service provided in any given hospital, from social and healthcare administrations, 
from NGO humanitarian activities, etc. Instead climate change should be regarded as a “chain of impacts”. The disruptions to the climate 
system are going to be seen in the evolution of some of the main parameters (temperature, precipitation and sea-level), which will affect 
the frequency, the intensity and the geographical distribution of natural hazards. These latter will themselves have varying degrees of impact 
on natural resources (health, agriculture, energy production, etc.). This chain of impacts can and must be tackled now, despite the context of 
uncertainty. This is the idea advocated in this current issue of the BEH.

More specifically, this issue shows that between climate variability (evolution of climate parameters around their averages) and climate change 
(evolution of these averages over several decades at least), health conditions are going to be affected. Although there are many unanswered 
questions, researchers and actors in the field are mobilizing to identify, understand and measure these changes. This work is all the more 
complicated because at first glance (and generally) the research carried out faces certain contradictions. This situation is illustrated in this 
issue of BEH as follows: on the one hand we ask whether a drop in mortality in the Northern hemisphere is to be expected, given the future 
increase in average temperatures, and knowing that - except in the case of exceptional heatwaves - the mortality rate is higher in the Northern 
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hemisphere during winter than during the rest of the year (P. Kinney et al.); on the other hand, we notice that the number of epidemics in Europe 
has increased in the last decades, a trend which is strongly correlated to greater climate variability (S. Morand et al.). Of course each kind of 
disease will react differently to climate stress and to different socioeconomic and geographic contexts. The fact remains that the analysis of 
the impacts of climate change often involves the comparison of hypotheses that are a priori contradictory. However, most of the time these 
contradictions are only surface deep, and in order to clarify them, analyses focusing on the conditions and scales (social, spatial and temporal) 
of diseases development are needed. Moreover, these analyses support anticipatory approaches.

An important area of social-health research focuses on “surveillance systems”, the benefits of which are already known. They will continue to 
be the pillars of anticipation, and therefore, of adaptation to climate change (M. Pascal et al.). An example of this is provided in this issue. The 
article by S. Morand et al. focuses especially on risk factors (biodiversity, climate variability, development level, human infectious diseases) that 
help measure exposure levels (identified and potential) to epidemics and identify levers to reduce their consequences. Other avenues could also 
be explored, notably an analysis of populations’ adaptive capacity. This concerns both the ability to react to a crisis when it occurs (resilience) 
and to collectively accepting the efforts brought about by long-term prevention policies (anticipation).

How to cite this article: Magnan A. Editorial. Numéro thématique - Identifier et surveiller les impacts sanitaires du changement climatique pour s’y adapter. [Special 
issue - Identify and monitor health impacts of climate change in the context of adaptation]. Bull Epidémiol Hebd. 2012;(12-13):145-6.

Editor’s note

There are some special peculiarities in this issue of BEH, linked directly to the primary topic discussed. Despite the fact that the international scientific 
community recognizes the reality of climate change, there remains much uncertainty regarding the nature and magnitude of these changes and their 
environmental consequences. In turn, the identification of the health consequences of these changes is problematic, and remains necessarily prospec-
tive, if not speculative. Accordingly, the articles presented in this issue aim to carry out a forecasting exercise, by presenting the scenarios deemed by 
the authors to be most probable, given today’s available scientific knowledge. They are different therefore from the articles usually published in BEH, 
in terms of form and content. Nevertheless, this work is an indispensable prerequisite for the analysis of the adaptations to be carried out on existing 
health surveillance and response systems. 
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What are the health impacts of climate change and what role does 
surveillance play?
Mathilde Pascal (m.pascal@invs.sante.fr), Sylvia Medina, Anne-Catherine Viso, Pascal Beaudeau

Institut de Veille Sanitaire, Saint-Maurice, France

Abstract
Observations and climate models enable us to better understand present and future climate changes. Climate change may be considered as a fac-
tor of change in the environment, in the determinants of exposure to environmental risks and pathogens, and possibly in the state of health among 
populations. In this context, health surveillance systems have three main objectives: 1) creating databases to increase scientific evidence and under-
standing the health impacts of climate change in the long term; 2) identifying, prioritizing, implementing and evaluating intervention and adaptation 
measures; and 3) providing early warning measures. Although it is not necessary to create new health surveillance systems to fulfil these objectives, 
there is a need both for better integration with existing environmental and health surveillance, and for greater interdisciplinarity.

Keywords
Climate change, health impact, health, surveillance

Health impacts of climate change
Climate change refers to a statistically significant change in the average 
climate or in its variability which continues over long periods (generally over 
decades or longer). Although temperature is the emblematic variable in cli-
mate change, all climate parameters (humidity, cloud cover, precipitation, 
increased CO2 levels in the atmosphere etc.) may be concerned.

In 2007, on the basis of observations, the intergovernmental panel on cli-
mate change (IPCC) [1] concluded that the average temperatures in the 
Northern hemisphere during the second half of the 20th century were very 
probably (probability>90%) greater than those for any 50-year period dur-
ing the last 500 years. While cold days, cold nights and frost are now likely 
to be less frequent in most continents, the opposite can be said for warm 
days and warm nights. It is possible (probability >66%) that heat waves 
have become more common in most continents. More than 8 in 10 experts 
agree on the fact that the natural systems associated with snow, ice and 
frozen ground, as well as the hydrological systems are already impacted by 
climate change. Moreover, more than 9 in 10 experts estimate that many 
terrestrial and marine ecosystems have already been affected [1].

Climate models help to predict future climates by focusing on scenarios of 
the evolution in greenhouse gas emissions. While these models have not yet 
been perfected, it would appear that the reality of climate change has now 
been accepted. The simulated increase in average temperature from now 
until 2100 using various climate models ranges from 1,1°C to 6.4°C [1]. In 
mainland France, according to a high-end scenario, the average temperature 

would increase by 0.83°C [0.55°C-1.24°C] in 2030 with respect to 1990 and 
by 1.37°C [0.85°C-1.8°C] in 2050 [2].

These observed and predicted changes are going to modify the environ-
ment, the determinants of exposure to environmental and infectious risks, 
and possibly the state of health of the population. The potential impacts on 
health have been highlighted since 1985, in particular stressing the risks 
associated with heat and food supply [3]. However it was not until the 2000s 
that a wider vision on the relationship between climate change and health 
became available (Figure 1) [4], stressing three types of impact: [4-9]:
- The impacts of extreme meteorological events which are likely to increase 
in frequency and intensity: heat waves, floods, storms, forest fires, episodes 
of drought, etc.;
- The emergence or re-emergence of infectious diseases, associated with 
modifications in ecosystems;
- A change in exposure to environmental risks (air, water, UV radiation, food 
etc).

Although developing countries are the most vulnerable [6], assessments 
carried out in France [10;11], Europe [4;8;9], North America [12;13] and in 
Australia [14] underline the fragility of developed countries when faced with 
extreme events, the greatest recognized risk being that associated with heat 
waves. For the other types of impact (infectious and environmental), it remains 
difficult to make any hypothesis on the changes to come, given the complexity 
of the interactions between system variables and uncertainties about the 
rate of climate change as well as other changes (demographic, social, etc.). 

Figure 1 Diagram of the links between climate change and health (from [4])
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The results from research should provide new elements of understanding in 
the coming years.

How can surveillance systems be adapted?
Despite these uncertainties, it is important to proactively adapt society 
and the health sector in order to limit the negative impacts of climate 
change [15]. Public health surveillance, that is to say, “the ongoing, system-
atic collection, analysis and interpretation of health data essential for the 
planning, implementation and evaluation of public health practices, closely 
associated with the timely dissemination of these data to those who may 
need them” [16], provides useful information for the orientation of adapta-
tion strategies. Environmental health surveillance, which includes the sur-
veillance of pathologies, environmental risks, exposure and exposure-risk 
relationships, is of primary concern.

Surveillance-based data therefore has three principal roles: 1) creating data-
bases to increase scientific evidence and understanding about the health 
impacts of climate change in the long term; 2) identifying, prioritizing, 
implementing and evaluating intervention and adaptation measures; and 
3) anticipating new threats.

The most successful example of such surveillance regards the risk of a heat 
wave: mortality data enable retrospective analyses over several decades to 
be carried out. A morbidity database is currently under construction at the 
French Institute for Public Health Surveillance (Institut de Veille Sanitaire - 
InVS) using the Sursaud®1 surveillance system. Moreover the national heat 
wave plan2 was designed in 2004, then evaluated and amended from sur-
veillance and epidemiological studies.

In terms of the other risks, the InVS evaluated the adaptation needs for 
its own surveillance systems in mainland France [10], and in this context, 
organized a workshop [17] which brought together professionals in surveil-
lance from several countries. The discussions resulting from this workshop 
led to the development of a simple approach to identify the adaptation needs 
of surveillance systems. It consists in identifying the principal environmental, 
social and demographic determinants which contribute to exposure. When 
applied to health risks likely to be modified by climate change, it helps iden-
tify the gaps and missing data in surveillance, and consequently associated 
needs. The underlying idea is that it may be more informative and practical 
to implement surveillance of a determinant which is not directly associated 
with climate than to investigate a meteorological indicator (e.g. monitoring 
vulnerability to heat waves) [17;18].

The risks taken into account in our approach include those for which pub-
lished data on climate impact exist, and those whose risk of occurrence in 
France was deemed likely by a internal InVS working group [10;18]. At the 
end of this review, we concluded that although it is not necessary to create 
new surveillance systems to monitor the health impacts of climate change, 
it is nevertheless important to guarantee the sustainability and quality of 
existing systems. Opportunities for development were also identified, for 
example, the possibility of collaboration with experts on climate modeling, 
with a view to evaluating the impacts of atmospheric pollution on health.

To conclude, surveillance adaptation will come about through better inte-
gration between existing environmental and health surveillance systems, as 
well as greater interdisciplinarity: with climate and environmental sciences, 
as well as social sciences for a better understanding of behaviors; with 

1  http://www.invs.sante.fr/Espace-professionnels/Surveillance-syndromique-SurSaUD-R
2  http://www.sante.gouv.fr/canicule-et-chaleurs-extremes.html

natural scientists and veterinarians to observe the evolution of parasites 
and disease vectors; and with health professionals to identify and interpret 
unexpected signals.
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Winter mortality in a changing climate: will it go down?
Patrick L. Kinney (plk3@columbia.edu)1, Mathilde Pascal2, Robert Vautard3, Karine Laaidi2
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Abstract 
It is well known that death rates in temperate regions of the northern hemisphere are higher in winter than during other parts of the year, and fur-
ther, that extreme heat during summer can lead to spikes in mortality. Together, these seasonal phenomena result in a U shaped relationship between 
daily mortality and temperatures. The shape and position of the U varies by location, and especially by average temperatures, showing that cities adapt 
to their local climate. In cooler cities, the increase in deaths at low temperatures is relatively shallow, and the increase in deaths with high tempera-
tures relatively steep. By contrast, in warmer cities, the cold function is relatively steep and the hot function relatively shallow. With continued global 
warming due to anthropogenic greenhouse gas emissions virtually certain over coming decades, it is important to consider how the health response 
might change. In particular, we consider the question of whether winter mortality might diminish as temperatures rise in the future. Answering this 
question will have very important implications for public health adaptation planning. Somewhat surprisingly, based on the available literature, we con-
clude that it is unlikely that winter mortality would substantially diminish as temperatures rise.

Keywords 
Winter, temperature, cold spell, mortality, climate change, projections

Introduction
It has long been observed that death rates in temperate regions of the 
northern hemisphere are higher in winter months than during other parts 
of the year, particularly for cardiovascular and respiratory conditions. 
However, huge disparities have been observed between countries, and 
the most affected are not the coldest. For instance, in Europe, between 
1988 and 1997, the highest winter mortality rates were observed in Portu-
gal, in Spain and in Ireland [1].

It is also well known that extreme heat episodes during summer can lead to 
spikes in mortality [2;3]. Together, these seasonal phenomena result in a U 
shaped relationship between daily mortality and temperatures in most loca-
tions [2;4-8], with increases in death rates observed at both low and high 
temperatures, and with a “comfort zone” in between.

Interestingly, the shape and placement of the typical U shaped tempera-
ture/mortality curve differs by latitude [9]. This is illustrated schematically 
in Figure 1. In cooler cities, the comfort zone is shifted to the left (i.e., lower 
temperatures); the increase in deaths at low temperatures relatively shallow 
and the increase in deaths with high temperatures relatively steep. By con-
trast, in warmer cities, the comfort zone is shifted to the right (i.e., higher 
temperatures); the cold function relatively steep and the hot function rela-
tively shallow.

The geographic differences in the U shaped temperature/mortality function 
indicate that cities have adapted to their local climate. But how might this 
change in the future?

With continued global warming due to anthropogenic greenhouse gas emis-
sions virtually certain over coming decades, to what extent will cities adapt 
to the new, warmer climate, and how much time will this adaptation take? 
Will winter mortality diminish as temperatures rise? Because winter-season 
deaths outnumber those in other seasons, answering these questions will 
have very important implications for public health adaptation planning.

Global average temperatures have been rising for the past century, and 
the warming trend has accelerated in recent decades [10]. Climate models 
consistently predict further warming of about 0.2°C/decade over the next 
few decades, with significant regional variations. In Europe, lower tem-
peratures are projected to increase at a higher rate in winter than warmer 
temperatures, therefore tightening the distribution in winter in the future 
climate [11]. However, the occurrence of extremely cold spells cannot be 
excluded. Although it remained a moderately cold winter among the past 
60 years, the winter of 2010 in Europe caused significant perturbations in 
several economical sectors (the health impacts has not been quantified 
yet) and is a good example of the occurrence of cold events mitigated by 
long-term climate warming [12].

Unfortunately, while much has been written about heat-related health 
impacts in the context of climate change [2;3], relatively less scholarly 
attention has been devoted to the larger and in some ways more important 
issue of possible changing winter health impacts.

Few studies to-date have addressed potential future impacts of warming 
winter temperatures on mortality [13-15], and these generally have con-
cluded that there will be a decrease in winter mortality. The Intergovernmen-
tal Panel on Climate Change (IPCC) stated that climate change may “bring 
some benefits, such as fewer deaths from cold exposure” [16]. In Europe, it 
was even estimated that reductions in winter mortality could compensate 
for the increase in summer mortality with climate warming [17]. Although 
these conclusions seem quite intuitive, they are based on the assumption 
that the U shape relation between temperature and mortality that has been 
observed historically in a given region will not change in the future and thus 
can be used directly to estimate future mortality under warmer tempera-
tures in that region.

We reviewed the historical literature to gain insights into the mechanisms 
underlying elevated winter mortality and the importance of seasonal fac-
tors vs. temperature per-se., in order to verify if this assumption could be 
considered valid. To gather relevant literature, we scanned publications on 
temperature-related mortality, identifying papers that included winter or 
cold effects. Reference lists were examined to identify additional papers 
from the older literature. In this way, a total 53 publications were identified 
and reviewed. We highlight key knowledge gaps that still remain.

Winter season vs. cold: what is killing the most?
Mortality is on average higher in winter than in summer in cities throughout 
the US and Europe [18]. In addition to overall winter season elevation in 
deaths, brief episodes of extreme cold during the winter season can increase 
mortality rates in the short run. Thus, we hypothesize that winter mortality 
elevation is comprised of two parts, one related to seasonal factors and 
another related directly to cold temperatures. The distinction may seem 
academic, but becomes important when one seeks to model future impacts 
of changing temperatures. A temperature-related health effect might be 
expected to change as exposures to temperature change. By contrast, a sea-
son-related health effect might not change with changing temperatures. But 

Figure 1 Schematization of the relationship between temperature and mortality
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how can we distinguish the relative importance of these two components? 
The existing literature is a useful guide.

A large number of studies have examined and compared winter-season 
mortality elevation in regions with differing climates [1;9;19-27]. One very 
consistent finding across these studies is that the magnitude of winter sea-
son elevation in mortality is larger in regions that have milder winters. This 
observation is clearest in studies that analyze the ratio of winter season 
mortality to mortality in other seasons. In one such study, winter excess 
deaths from 1970-91, expressed as the percent above expected (defined 
as the mean of mortality observed in spring and autumn) for the months 
December through March, was twice as large in England and Wales (21%) 
as in Norway (11%) [28]. In another seasonal study of 14 European coun-
tries from 1988-97, winter excess mortality ranged from 10% in Finland to 
28% in Portugal [1].

As a group, these studies show that regions that have acclimatized to warm 
climate can exhibit up to 2-3 fold larger winter season increase in mortality 
than those regions that have acclimated to colder temperatures. This would 
tend to imply that, in the future under a warmer climate, winter season mor-
tality might be expected to increase as more and more regions acclimatize 
to warmer temperatures.

When deaths are analyzed as a function of temperature rather than sea-
son, the increased winter impact on mortality in warm regions becomes 
even more apparent. For example, McMichael et al. [25] reported a morta-
lity increase of 4% per °C drop in cool-season temperatures in Bangkok, 
Thailand, whereas mortality increased just 0.4% per °C drop in cool sea-
son temperatures in Ljubljana, Slovenia. The mean annual temperatures in 
Bangkok and Ljubljana were 29 and 11°C, respectively. This strong gradient 
across cities in apparent temperature effect is likely because the range of 
winter temperatures is so much smaller in warm regions like Bangkok (only 
3°C difference between 5th percentile and the annual mean). If the winter 
season effect is misattributed as a temperature effect, it may look very large 
indeed.

Making a correct distinction between seasonal factors and cold tem-
peratures is also essential when it comes to the statistical modeling. The 
time-series approach has the potential to separately identify and quantify 
the winter seasonal effect from more short-term cold episode impacts, and 
has largely been used by recent studies to quantify mortality effects of tem-
perature in both winter and summer. To date, however, we assumed that 
few studies have adequately modeled the season and the temperatures. 
The seasonal factor is usually treated as a confounder to control (but not 
quantify), whereas the daily temperature effect is directly modeled. Unfor-
tunately, temperature is often modeled using long-period moving averages 
of 2-4 weeks, which may capture some of the winter seasonal effect, even 
when a smooth time function is simultaneously used to capture the season 
in the model [19;20;25]. Thus the results to date are quite difficult to inter-
pret as clear temperature effects as distinct from seasonal phenomena.

Those studies which have controlled more effectively for seasonality and 
focused attention on short-term cold impacts have generally reported 
relatively modest cold effects [26;29;30]. While it is possible that this is 
because the cold effect operates over longer time-scales than a few days, 
it may also be that the cold effect is in fact rather small, and is accurately 
estimated once season is fully controlled. When studying those effects for 
which a long lag is assumed (3 weeks or more), it is more difficult to make 
a clear distinction between a temperature and a seasonal effect.

Making sense of all of these statistical associations would be easier if there 
were a good mechanistic understanding of winter season and/or cold tem-
perature effects. In fact there has been considerable discussion of mecha-
nisms in the literature. There are two competing theories. One suggests 
that cold temperatures have direct impacts on cardiovascular risk via blood 
thickening and increases in clotting factors, leading to thrombosis [13;31], 
and further that cold temperatures associated to dry air increase infectivity 
of organisms like influenza virus. Under this theory, warmer temperatures 
would be expected to reduce risk. It is interesting to note that in the UK 
and in Germany, improving the housing and the heating conditions were 
associated with a decrease in winter mortality [32] and an improvement 
of self-reported health [33;34]. However, although fuel poverty and poor 
isolation is a key matter, it is limited to a reduced fraction of the population. 
In the highly developed regions like the US and Europe, direct exposures to 
very cold temperatures are rare. Therefore we think that this theory cannot 
explain the totality of the winter excess mortality.

The other emerging theory is that infectious diseases, especially respiratory 
infections are elevated in winter for many reasons, and these lead to inflam-
mation and increased cardiovascular risk [35;36]. There is no question that 
respiratory infections are elevated in winter – influenza being the most 
striking and significant example [35]. Why this is so remains unclear, but 
may relate to factors such as time spent indoors, holidays and school-related 
activities, low humidity, etc. It is difficult to foresee how ambient tempera-
ture would directly influence these parameters.

The impacts of cold spells
Despite a growing literature on the temperature-mortality relationship, 
little has been published on the mortality and morbidity impacts of specific 
cold spells. One early study documented increased myocardial infarction 
incidence in the 48 hours following sudden drops in temperature in Dallas, 
Texas [37]. In the US, a significant increase in mortality is associated with 
a temperature below the 1st percentile of the temperature distribution [27]. In 
addition to the temperature risks, cold spells may be associated with storms, 
snow and ice. An increase of CO poisoning have been observed during or 
immediately after cold episodes [38], while ice is consistently associated 
to an increase in injuries [39]. In January 1985, a cold spell was associated 
with around 13% excess mortality in France, with an observed increase in 
all causes of mortality, and especially in cardiovascular causes [40;41]. In 
January 2009, a significant increase in the mortality of people older than 
95 years old was observed and may be partly explained by cold, but also 
by seasonal infections [42]. But the studies are descriptive, and do not pro-
vide clear quantitative information about the role of the cold temperatures 
compared to infectious diseases, nor about the main risk factors. Indeed, 
apart from the results of the Eurowinter study [23] which underlines the 
importance of adopting simple appropriate behaviour and clothing during 
cold spell, the lack of information limits our capacity to propose detailed 
intervention strategies, as can exist for heat waves.

Vulnerability of the population
In the last decades, vulnerability to direct health effects of cold tempera-
tures is likely to have decreased due to an improvement in housing, heating 
devices and clothing. However, the ageing of the population may increase 
the vulnerability in the future years. As discussed above, the capacity to 
limit cold exposure is deeply linked with the capacity to pay for comfortable 
heating conditions. Although mechanisms exist to provide access to energy 
during winter months, the degradation of the socio-economic conditions 
may certainly result in an increase vulnerability to cold.

Regarding vulnerability to winter season effects, few data exist on changes 
over time. One US study looked at trends in the winter to summer mortal-
ity ratio from the 1930s to 1990s [43]. There was a drop in the ratio in mid 
century but then a rise from 1970 onward. The authors speculated that the 
latter rise might be due to decreasing heat-related deaths in summer as air 
conditioning prevalence increased.

We might also speculate that the observed rise in winter season mortality 
could be due to a gradual shift towards a warmer climate regime. An addi-
tional reason for an increase in vulnerability might be the acclimatization 
to warmer winters, reducing the adaptive capacity during cold episodes, 
whether this be by virtue of a reduction in their physiological adaptation to 
the cold or of a slight change in their behaviour patterns.

Conclusions: climate change and winter season 
mortality, what can we expect?
Based on our review of the literature, we think that it is not relevant to con-
sider that the temperature-mortality response could be simply transposed in 
a context of climate change, allowing concluding that winter mortality will 
significantly decrease. If in fact the U function were to stay constant, and 
temperatures shifted to the right, then mortality in winter would drop and 
mortality in summer would go up. However, as noted above, the assumption 
of constant-in-time functional form is poorly supported by the cross-sec-
tional evidence from different cities around Europe and the US which shows 
that, as you move to warmer climates, the shape of the left hand U becomes 
steeper, and the comfort zone shifts to the right. Based on this evidence, we 
assume that in a warmer future world, winter season mortality could still 
be at least as apparent as before, but could occur across a narrower, and 
warmer, range of ambient temperatures.

Therefore, based on our review, we argue that it is unlikely that warming 
winters due to climate change would result in substantially lower winter-season 
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mortality in the US and Europe. In addition, we consider it likely that cold spells 
would still occur, and the associated health risk might remain significant. The 
interaction of three main risk factors, season – cold – infectious diseases, does 
not permit clear attribution of impacts to cold alone. Similarly to what has been 
done for heat waves, there is a need for epidemiological investigations of cold 
spells, to better quantify the health risks, identify the vulnerable population 
and defined appropriate preventions. There is also a need to better character-
ize exposure to cold, and to statistically differentiate temperature, seasons, 
and other confounding factors. This will require innovative study designs of the 
temperature – mortality relationship.
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Management of extreme weather events: the need for a planned 
epidemiological answer integrated in the organization of the health 
and social response
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Abstract
In the near future, it is likely that the frequency of extreme meteorological events will increase. Anticipating them requires the organization of crisis 
and consequence management. Epidemiology can help guide preventive and health actions, through identification of exposed populations, detection 
of health events, and quantification of the health impact.
The epidemiological surveillance of heat waves is a component of the national heat wave plan, and is closely associated with the surveillance of meteo-
rological forecasts. Its objectives are to evaluate the health situation, to alert, and to recommend preventive measures if needed. It focuses on a small 
number of health indicators that can be followed in near-real time, based on the data from networks of emergency hospital services (OSCOUR®) and 
emergency medical visits at home (SOS Médecins), as well as on registered fatalities. Additional epidemiological and sociological studies are needed 
to identify new kinds of vulnerabilities, and the adaptation measures needed to ensure the continued efficiency of preventive actions in the future.
The variety of possible scenarios and consequences of extreme weather events (storms, floods…) calls for reactive, specific surveillance, which can 
be rapidly reinforced for a given health effect or a given population. A global and representative assessment of the health impact necessitates both the 
use of data on health consumption (OSCOUR®, health insurance…) and data from cross-sectional or cohort studies to collect precise information, and 
to monitor the trends of health events at the individual level. To do so, epidemiologists must be involved in the organization of crisis and consequence 
management right from the planning stage.
In all cases, the necessary rigor and optimization needed should not be an obstacle to flexibility and reflexivity in surveillance systems, so that these 
latter can adapt rapidly to an evolving situation, and be improved through subsequent feedback.

Key words
Climate change, meteorological extreme events, epidemiology, management

Introduction
Extreme meteorological events may concern temperature (heat waves, severe 
cold spells), precipitation (heavy rain, floods and episodes of drought) and 
localized phenomenon like storms and cyclones. Mweteorological conditions 
may also encourage forest fires. It is probable that climate change will translate 
into an increase in the frequency and the intensity of some of these events in 
France [1;2].

These extreme events may have important human, economic and social 
impacts. The capacity to anticipate them and predict their consequences will 
be a key element in adaptation to climate change. To reduce the vulnerability 
of our society to these events, this anticipation must be widespread and must 
focus on the implementation of sustainable action, for example working on 
urban planning, on designing habitations, adaptation of crop agriculture etc. 
At the same time, the response to a crisis and the medium and long term 
management of its consequences must be organized, especially to reduce the 
health effects. Epidemiological tools implemented as a result of an extreme 
meteorological event provide information which helps orientate this organiza-
tion. Effectively their objective is to:
- Identify a health phenomenon at an early stage and issue an alert;
- Quantify the event’s impact on health;
-  Identify and characterize exposed and most-at-risk populations;
- And in this way, help direct and evaluate preventive and health care actions 
arising from these unusual events.

Epidemiological surveillance is therefore organized as soon as the event occurs 
and may be continued after the event finishes, given its consequences, in order 
to primarily help action. Its principal characteristic is reactivity. It must adapt to 
the specificities of each event.

This surveillance may be accompanied by epidemiological studies to provide 
an in-depth analysis of the health effects, their duration, the mechanisms lea-
ding to the onset of these effects and contributing factors. These studies are 
necessary to identify the vulnerabilities of different populations as well as the 
specificities of health care. They also contribute to the analysis of the short- and 
long-term collective health impact, as well as to the evaluation of the efficacy 
of the measures and policies adopted. The time needed to complete these stu-
dies means that they will continue after the initial alert and the immediate 
response end.

The aim of this article is to present the place and role of epidemiological 
response in the management of health and social impacts arising from extreme 

meteorological events. In order to do this, two examples are investigated: a) 
heat waves and b) floods and storms.

Heat waves
Public health context and issues
The heat wave of 2003 highlighted a health crisis primarily in emergency ser-
vices, in the health care of the elderly, and in the management of fatalities 
in France. Since then many epidemiological studies have been carried out. 
These have led to a greater understanding of vulnerable populations, the 
mortality-morbidity dynamics during heat waves, and possible preventive 
actions [3-8]. This knowledge has been translated into action by the implemen-
tation of the National Heat wave Plan (NHP), which aims to prevent and fight 
against health consequences of a heat wave. During an alert, the NHP is used to 
activate some, if not all, of the necessary measures for managing such an event.

Objectives and principles of an epidemiological 
surveillance system
Alerts focus on meteorological forecasts, in order to identify the days when 
a large excess mortality may be expected [9]. This system is original in the 
field of meteorological vigilance as the meteorological thresholds have been 
defined on the basis of an analysis of the relationship between temperature and 
mortality over the last 30 years. Every day, the alert is issued by Météo-France 
(the French National Meteorological Service) and possibly discussed with the 
French Institute for Public Health Surveillance (Institut de Veille Sanitaire -InVS). 
Furthermore, heat waves may simultaneously affect several dozens of districts. 
This results in the need to process a great deal of information in a short time.

In this context, the objective of health surveillance is not to issue an alert, but 
rather to verify that the health situation is under control, in order to adapt man-
agement measures if necessary, to end an alert or on the contrary to continue 
it. This surveillance focuses on a small number of health indicators that can be 
followed in near-real time: visits to Emergency units by subjects over 75 years 
or for heat-related reasons, SOS Doctor emergency calls, total registered fatali-
ties provided by INSEE (the French National Institute of Statistics and Econo-
mics Studies), especially by age group. These indicators were chosen according 
to their reactivity to heat and the quality of data available. They are collected by 
InVS regional offices (Cire) for sentinel hospitals, and analyzed with predefined 
statistical methods (historical limits, control charts), in order to identify - for 
a given period - a significant modification in the magnitude of the indicator 
analyzed. The statistical analysis leads to a “statistical alarm” which may be 
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linked to the quality of the data and to a real health-related event. The epide-
miological assessment carried out by the Cire is essential therefore to transform 
this alarm into a valid health signal [10]. This latter is then transmitted to diffe-
rent actors within the system (Météo-France, InVS, The Department for Public 
Health (DPH), Regional Health Agencies (RHA)) as an event management tool.

It is an example of a very formalized response to an extreme event, wherein 
health data have a very defined role. Although this formalization is made pos-
sible by the corpus of available knowledge on heat wave effects and by the con-
straints imposed on the alert system, it must not hide the importance of taking 
a broad view of surveillance and moreover the importance of vigilance. This 
is necessary to identify unexpected signals (for example, unexplained fatali-
ties of relatively young workers or fatalities due to heat stroke within different 
companies etc.) , outside of procedure, but which could be associated with heat 
waves and necessitate immediate investigation. There is a strong collabora-
tion therefore between the syndromic surveillance system, local and national 
early-warning systems, and all the InVS partners.

At the end of the season, an initial rapid assessment of the effects of a heat 
wave is possible by estimating the observed mortality with respect to the 
reference mortality, in order to identify events and vulnerabilities which may 
need more in-depth studies [10].

Finally, the evolution of temperature in the context of climate change raises 
the question of the adaptation of populations to more frequent and intense 
- perhaps even more humid - heat waves in the coming years. Physiological 
adaptation seems to be limited. Furthermore both increasing urbanization (the 
phenomenon of heat islands) and ageing of the population strongly suggest 
greater vulnerability in the future. Technological adaptation is possible (air 
conditioning techniques, urban planning aiming to reduce urban heat islands, 
strengthening of the NHP), but may, at any moment, be challenged by eco-
nomic and sociological considerations.

In this context the NHP will have to be flexible and reactive. Epidemiological 
studies must not be the only focus for future changes to the NHP. Sociological, 
urbanism and other studies will also play their part in analyzing the mechanisms 
which take place when a heat wave occurs and the efficacy of the actions put 
in place: improved understanding of the mortality-morbidity dynamic, analysis 
of the efficacy of proposed measures, emergence of new kinds of vulnerability 
(age-isolation relationship, socio-economic data, urbanism).

Storms and floods
Public health context
Unlike heat waves, these events are characterized by their physical violence. 
They create visible and direct impacts on the population: violent death, 
destruction of houses or work equipment. They often cause severe shock for 
the population due to an instant break in the environmental and social space. 
The magnitude of this break is greater than the community’s capacity to deal 
with it. Storms and floods are also characterized by a great variability of pos-
sible scenarios and means of exposure to health risks. Their health impacts are 
therefore much more wide-ranging than the immediate fatalities and physical 
traumatisms.

Environmental disruptions, which are secondary to the catastrophe (for exam-
ple, degraded housing conditions, etc.), are also likely to aggravate the health 
impact [11-13]. For example, carbon monoxide (CO) poisoning epidemics have 
been observed following floods and episodes of violent gales (Klaus) [12;13]. 
In certain cases, the extreme event may bring about an industrial catastrophe 
where toxic substances can be released [14].

Loss of human life and important material damage (homes, work equipment) 
have a psychological impact which may be severe [11;12;15]. Furthermore, 
the conditions in which affected people must reintegrate into society after 
a natural catastrophe add prolonged stress to that arising from the direct con-
sequences of the catastrophe (loss of work, loss of home etc.) [11;12;15]. This 
impact of natural catastrophes on mental health, both in the short and long 
term, has been highlighted in France on several occasions (e.g. the floods in the 
Somme area in 1999 [15], in the Gard area in 2002 [16], and in the Bédarrides 
(Vaucluse) area 1992 [11]), and internationally (e.g. hurricane Katrina in the 
United States 2005 [17]). Finally, the individual’s mental health and the col-
lective socioeconomic consequences of a catastrophe may interact negatively. 
This lack of psychosocial well-being may notably translate into increased preva-
lence of drug dependence or violence. These are as much indicators of a col-
lective lack of well-being as of an individual one. It is important to take these 
interactions into account in preventive actions and in the long term objectives 

of epidemiological surveillance measures in impacted communities [18], espe-
cially through targeting sub-groups of the population who are at greater risk 
socially.

Surveillance and epidemiological studies play an important role in identifying 
and quantifying all these health impacts in the short medium and long term, 
and accordingly, in guiding recommendations aimed at reducing them. These 
recommendations may help for the event in question, but may also be of help 
for future events.

Objectives and principles of the epidemiological 
response after a flood or a storm
In the immediate post-event phase, the first objectives of the epidemiologist 
are to identify the populations affected, to prioritize the acute and delayed 
effects to be monitored according to the nature, the place and the extent of 
the catastrophe as well as to issue an alert about the possible occurrence of 
unusual effects.

These objectives require a rapid synthesis of the available information 
regarding the event scenario (bibliography, information coming from public 
services as well as from immediate crisis management actors, information 
coming from the surveillance systems, list of at-risk establishments of collective 
care, cartography of the damage or the flooded zones, etc.) to evaluate the 
number of victims, of injured and exposed people, the observed effects, the 
material and agricultural damage etc. In this phase, all health resources are 
already being fully exploited and even overwhelmed. Surveillance systems must 
therefore be simple, time-limited, and must prioritize the events to be moni-
tored, relying as much as possible on already existing systems. For example 
in France these existing systems are the permanent monitoring of Emergency 
services (Oscour®, SOS Médecins), of computerized reporting of fatalities at the 
communal level and the specific CO poisoning surveillance system. In parallel, 
the healthcare network (general practitioners and specialists) may create an 
alert network to signal the occurrence of unusual health-related events [12;19]. 
When healthcare systems are deployed in exceptional cases on the ground, 
basic medical data collection will have to be planned. It will be analysed cen-
trally in near-real time. This is what happened for health staff who were part of 
the enhanced psychological care device implemented as a result of the storm 
Xynthia at the end of February 2010. Each member of staff was asked to fill out 
a quick epidemiological questionnaire which would help measure the activity 
of the implemented care structure. In this way, the Limousin-Poitou-Charentes 
Cire (InVS regional office) has been able to identify the populations using this 
care structure as well as vulnerable populations. It has also been able to show 
the evolution of the use of the structure and provide information about the evo-
lution of the mental health impact, as much linked to the primordial event as 
linked to its medium-term consequences. This data helped adapt the care struc-
ture both by prolonging its existence beyond the month previously forecast and 
by justifying its end six months later. It also helped to identify the necessity of 
a supplementary local consultation centre in a commune which had not been 
included when the structure was first put in place [20].

Epidemiological surveillance must be flexible and reactive in order to adapt to 
event-specific scenarios and to implemented actions. Depending on the health 
and social context on the field, it must also be able to be adapted to the local 
available data or to be rapidly reinforced for a particular health-related effect or 
zone. An example of this is the Cire Sud which immediately upon the announce-
ment of the Var area flood in June 2010, worked with the Provence-Côte 
d’Azur Regional Emergencies Health Observatory to ensure that doctors in 
the three surrounding hospitals labeled emergency visits which they judged 
were related to the flood. Another example is the use of the opportunity of 
having computered free text systematic notifications from medical staff about 
reasons for using emergency services at the Mont-de-Marsan hospital located 
in a highly-forested district to analyse it. The analysis highlighted a large num-
ber of visits associated with the use of chainsaws in the month following storm 
Klaus (29 visits linked to chainsaw accidents as opposed to 6 during the same 
period the previous year) [22].

Surveillance systems have to focus on their sensitivity even if detected events 
need to be verified afterwards. In this case epidemiological investigations will 
be carried out on the field using standardized criteria to validate the reality of 
a public health alert. In this way, the investigations carried out in the context 
of the CO poisoning surveillance system following Klaus - where 109 episodes 
of CO poisoning were recorded - showed that the majority of these cases were 
linked to the use of generators as alternative sources of electricity [13].

In the medium term, epidemiological studies must specify the nature of the 
impact, evaluate its size, and monitor associated spatial and temporal trends. 
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As in the case of the Gard flood in 2002 [16], these studies may use medico-eco-
nomical data (data on health insurance reimbursement and hospital discharge, 
diagnostic related groups), to monitor impacts. They can also use pre-existing 
information systems - whose use was not initially planned - to monitor the state 
of health of populations (e.g. recorded misdemeanors) or information sources 
which are more adapted for certain marginalized populations (e.g. local asso-
ciation social support informants). These studies may also take the form of 
cross-sectional surveys or cohort surveys which help ensure accurate data col-
lection and the monitoring health-related events (e.g. mental health) at the 
individual level (e.g. floods in the Somme [15] and Bédarrides [11]). These stud-
ies are more effective when started very quickly after the event occurs, before 
populations disperse and are lost to follow-up, as exposure measurements are 
still possible and less associated with memory recall bias [23].

Past experience shows that epidemiological analysis of the impact of storms 
has often been partial and incomplete. But it is the combination of information 
provided by these various epidemiological tools which ensure a representative 
and global evaluation of the health impact of a storm. The InVS’s “Program 
for the preparation of the epidemiological response to industrial accidents and 
catastrophes” (PERAIC) is to integrate these different tools and to prepare this 
global epidemiological response beforehand [24]. To achieve this goal, crisis 
management actors must identify epidemiologists and what they can bring. 
The epidemiologists must also convince decision makers and authorities to inte-
grate epidemiological surveillance in contingency plans for the management of 
these extreme meteorological events as well as to allow them to participate 
to the subsequent feedbacks on the events. The preparation of the epidemio-
logical surveillance is made with the participation of local health profession-
als (medico-psychological emergency units, emergency medical services, fire-
men, general doctors and hospitals). The sources of data and data collection 
methods, the routine analyses and indicators produced, the alert procedures 
(alert thresholds) and the epidemiological investigation protocols are defined 
with the help of these various local health professionals. The organization and 
interaction between epidemiologists and local actors must be integrated in the 
disaster response plans. Epidemiologists must be integrated into the crisis man-
agement centers. For example they can integrate in France the RHA “regional 
support units” which work in close and permanent collaboration with the pre-
fecture in case of a crisis with health issues. Similarly, the French State must 
provide itself with the technical, organizational and logistical means to carry 
out individual epidemiological studies which are immediately necessary very 
after the occurrence of a storm (implementation of scientific committees and 
monitoring, choosing implementing criteria operational methods).

Conclusion
Apart from very short term situations, extreme climate events remain unpre-
dictable in terms of the time and place of their occurrence. Nevertheless, the 
response to these events necessitates careful planning. Epidemiological surveil-
lance must form part of this planning - at regional and national levels - as it is 
of major public health importance by bringing essential information to crisis 
management. In response to these events, the intervention of epidemiolo-
gists immediately upon the occurrence of the meteorological alert is justified, 
as health-related events help to qualify the gravity of the impact. In this way 
they can also become one of the alert criteria. Epidemiological preparedness 
to floods and storms and epidemiological preparedness to heat waves respond 
to different issues which require different modes of structuring. In the case of 
heat waves, a strong formalization of the integration of epidemiological surveil-
lance results in the management plans is encouraged by the decision makers. 
They do not want to relive the 2003 heat wave whose magnitude surprised 
and exceeded health care emergency responsive systems at national level. This 
formalization is also possible as the panel data for expected effects is a priori 
li mited. Regarding floods and storms, event scenarios are more varied, as much 
for the intensity of these phenomena as for their possible effects. Furthermore, 
the management actors with whom epidemiologists must interact are both 
more numerous and more focused on protecting populations. These character-
istics require above all great flexibility and adaptability of the epidemiologists 
as well as of proposed surveillance systems.

But finally, matching the needs of rigor and optimization with elements of fle-
xibility and reflexivity (the capacity of regular self-analysis and self-evaluation) 
is an issue for post-meteorological disaster epidemiological surveillance, if we 
want it to be able to adapt immediately to changes in a given situation, and to 
improve from future feedback.
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Abstract
Infectious diseases’ incidence has clearly increased during the last decades. The explanatory factors reported are generally those associated with 
ongoing global changes, including climate change, loss of biodiversity, and increased international trade. In this study, we analyze the potential expla-
natory factors of human infectious disease outbreaks across European countries (as defined by the WHO). For this purpose, a database including 
data about socio-economical, environmental and biodiversity related factors, as well as the main human infectious diseases reported was designed.
Over the period 1950 to 2010, 114 epidemic infectious diseases were identified in 36 countries. These data confirm the almost exponential increase in 
the number of infectious disease outbreaks in recent decades. The total number of diseases listed in any given European country seems to be corre-
lated to its area size and biodiversity (species richness in birds and mammals). The total number of epidemic diseases is found to also depend on the 
population size and economic wealth (GDP) of the country, as well as on the prevailing temperature variability. The effect of the North Atlantic Oscil-
lation (NAO) considered as an index of climate variability in Europe is tested for thirteen infectious diseases which can be analyzed over the last 60 
years. The occurrence of 11 of these, including hantavirus hemorrhagic fevers, tularaemia, Q fever, trichinosis and bacterial or viral gastrointestinal 
diseases, is found to be associated with monthly variations of NAO.
This study highlights that both biodiversity change and climate variability should be taken into account when building epidemio-surveillance early 
warning systems.
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Europe, infectious diseases, epidemic, biodiversity, climate variability, NAO index

Introduction
Infectious diseases’ incidence has clearly increased during the last 
decades [1]. The explanatory factors reported are generally those associated 
with ongoing global changes, including climate change, loss of biodiversity 
and increased international trade. Nevertheless, it is difficult to demonstrate 
a direct impact of climate change on infectious diseases because of non-linear 
complex interactions between climate and biodiversity, pathogens, disease 
vectors and hosts [2]. Climate change is assumed to especially impact infec-
tious vector-borne diseases [1;3], but a reduction in the biodiversity at the 
local level may also lead to an increase in the prevalence of certain diseases, 
as has been seen for Lyme disease and West Nile fever for example [4].

The majority of emerging infectious diseases seem to be localized in higher 
latitudes and in developed countries (North America, Europe and Japan) [1]. 
However, research investigating the explanatory factors for the variety 
(total number) of endemic diseases paints a very different picture. Their 
diversity seems to be greater in the tropical zones where bird and animal 
biodiversity is greatest [5;6].

The consequences of climate change in Europe have been the object of 
numerous syntheses [7] and several studies have been able to effectively 
demonstrate an effect of climate change on infectious diseases, as in the 
case of bluetongue [8]. Nevertheless, few studies have investigated the 
impact of climate change on infectious diseases on a comparative basis [9], 
and even fewer have explored the links between climate variability and epi-
demics in Europe [10;11].

The apparent contradictions between studies conducted at the worldwide 
scale on the geographic localizations and determinants of endemic and epi-
demic human infectious diseases, as well as the lack of a European-centered 
focus, led us to carry out an analysis of potential explanatory factors for 
human infectious disease epidemics at the European level. In order to do 
so, a database including data about socio-economical, environmental and 
biodiversity-related factors, as well as the main human infectious diseases 
epidemics reported per country, was designed. This enabled us to statisti-
cally test the influence of potential explanatory factors for these epidemics 
(according to WHO definitions: significant increases in the number of cases 
of the disease (or number of outbreaks) and including climate variability.

Methods
Information about infectious disease epidemics is provided by GIDEON 
(Global Infectious Diseases and Epidemiology Network1). This database, 

1 http://www.cyinfo.com

which provides information on the presence and occurrence of possible epi-
demics of human infectious diseases for each country, has regularly been 
used in comparative studies [5;6]. It was completed by adding socioeco-
nomic, demographic and environmental data provided by FAO and the World 
Bank: demography, GDP, forested surface area, average temperatures and 
rainfall as well as annual variability of these latter two factors. Data for birds 
and mammals are also included (supplied by Bird Life International2 and the 
International Union for Conservation of Nature respectively3).

Over the period 1950 to 2010, 114 epidemic infectious diseases were identi-
fied in 36 countries.

The impact of climate variability on epidemics is analyzed using the North 
Atlantic Oscillation (NAO) as this index is more pertinent to Europe than 
ENSO (El Niño Southern Index). The positive and negative phases of the 
NAO reflect the temperature and rainfall patterns for Europe. Data for 
monthly variations of this index come from NOAA4 (the National Weather 
Service of the National Oceanic and Atmospheric Administration), and are 
incorporated into logistic regression models with the year being a confoun-
ding variable. The GIDEON database was set up in 1994 and some of the 
information contained in it dates back to the beginning of the 20th century.

As a second step, thirteen infectious diseases were selected on the basis that 
their detection could be traced back at least to the end of the 1950s. This 
was done to obtain a sufficiently long statistical series from 1950 to 2009. 
The choice of 1950 as a start point is also influenced by significant improve-
ment in the implementation of other databases (socioeconomic for exam-
ple: FAO, World Bank, IMF), which began to provide aggregated indices by 
country at the beginning of the 1950’s.

The statistics, multiple regression models and generalized linear models, are 
carried out using R 2.10® (R Development Core Team, 2010). Best fit selec-
tion is carried out using the Akaike Information Criterion (AIC).

Results

Increase in the number of epidemics
The data from the GIDEON database confirm an almost exponential increase 
in the number of human infectious diseases producing epidemics during 
recent decades (Figure 1).

2 http://www.birdlife.org
3 http://www.iucnredlist.org/initiatives/mammals
4 ttp://www.cpc.ncep.noaa.gov
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Determinants of the diversity of human infectious 
diseases present in Europe and those which reach 
epidemic proportions
We carried out two multiple regression analyses, using the AIC criterion for 
best model selection, in order to highlight the significant explanatory fac-
tors of the total richness of total human infectious diseases reported and of 
these occurring as epidemics.

With respect to the total number of infectious diseases in Europe, the best 
model includes each country’s surface area and the richness of birds and 
mammals therein (Table 1). It suggests that a country with a large surface 
area and having large biodiversity (both in terms of birds and mammals) 
would also have a greater variety of infectious diseases. Large biodiversity 
is therefore statistically proven to be an important correlative factor in terms 
of the diversity of human infectious diseases (Figure 2).

The number of epidemic infectious diseases can perhaps be explained by 
more factors. Apart from the country’s surface area and biodiversity, popu-
lation density and economic wealth (GDP) are also found to be statistically 
positively correlated while the annual variability in temperature is nega-
tively correlated. This underlines the importance of climate variability in 
terms of the occurrence of epidemics.

The effect of climate variability
The influence of environmental factors, like temperature, in statistically 
explaining the number of epidemic infectious diseases, led us to continue 
our analysis by investigating the importance of climate variability in the 
occurrence of epidemics for 13 of the 114 infectious diseases registered 
throughout the last sixty years.

All 13 showed statistically positive association with the “year” factor 
(Table 2), reflecting the trend, mentioned above, of an increase in the num-
ber of epidemic diseases from 1950 to 2009 (Figure 1).

Six of these diseases were significantly associated with the monthly NAO 
index. These included adenovirus infections, Q fever, enterovirus infections, 
typhoid fever, tularaemia and, trichinosis. Three other diseases -viral (asep-
tic) meningitis, gastroenteritis and hemorrhagic fever caused by viruses in 
the hantavirus family- had trends associated with climate variability. The 
final four diseases appeared to be independent of climate variability. These 
were measles, tuberculosis, hepatitis A and shigellosis.

Discussion
The results presented here, although focused on European countries, are 
in line with analyses carried out worldwide [1]. Biodiversity would appear 
to be an explanatory factor for the diversity of human infectious diseases. 
A European country with a large biodiversity of birds and mammals would  
also harbor a great number of disease vectors and reservoirs which consti-
tute the essential elements for the transmission of zoonotic diseases [6]. 

Table 2 Summarized results of logistic regressions on the occurrence of 13 
infectious diseases in relation to year and monthly values of the North 
Atlantic Oscillation (NAO) index of climate variability in Europe (the best fit 
models were selected using the AIC criterion)

Infectious 
diseases

Selected variables Estimated effect 
(standard error)

Probability

Adenovirus 
infections

Year
NAO index – month of May

 0.11 (0.03)
 110.32 (56.46)

<0.001
0.05

Q Fever Year
NAO index of October 
of the previous year

 0.08 (0.02)
 119.82 (55.20)

0.002
0.04

Enterovirus 
infections

Year
NAO index – month of 
October 

 0.11 (0.03)
 194.30 (82.11)

<0.001
0.02

Typhoid fever Year
NAO index of December 
of the previous year

 0.08 (0.03)
 111.72 (57.94)

0.001
0.02

Trichinosis Year
NAO index – month of May
NAO index – month of August

 0.33 (0.11)
 232.66 (99.19)
 -357.25 (152.04)

0.02
0.02
0.02

Gastroenteritis Year
NAO index – month of 
October

 0.42 (0.15)
 322.54 (171.11)

0.005
0.06

Viral meningitis Year
NAO index – month of August

 0.08 (0.02)
 18.71 (64.97)

0.001
0.07

Hemorrhagic fever 
caused by viruses 
(Hantavirus family)

Year
NAO index – month of April

 0.23 (0.08)
 207.28 (121.68)

0.003
0.08

Tularaemia Year
NAO index – month of 
January

 0.10 (0.03)
 -124.74 (58.92)

0.001
0.03

Hepatitis A Year  0.05 (0.02) 0.006
Shigellosis Year  0.13 (0.03) <0.001
Measles Year  0.21 (0.05) <0.001
Tuberculosis Year  0.25 (0.07) <0.001

Figure 1 Increase in epidemic infectious diseases since the 1950s in Europe
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Figure 2 Relationship between the number of infectious diseases and the 
species diversity in birds and mammals among various European countries
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Table 1 Summarized results of explanatory factors of present and epidemic 
infectious diseases in Europe using general regression modelling (the best 
fit models were selected using the AIC criterion) (see also figure 2).

Infectious diseases Explanatory variables Effect Proba-
bility

Total number of infectious 
diseases

Country surface area + 0.02

 Diversity of species (birds & 
mammals)

+ <0.0001

Number of epidemic infectious 
diseases

Country surface area + 0.004

 Population density + 0.01
 Total number of infectious 

diseases
- 0.029

 Species diversity (birds & 
mammals)

+ 0.003

 GDP per capita + 0.0001
 Annual temperature variability - 0.025
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Biodiversity would also seem to be a factor associated with the increase in 
epidemic infectious diseases.

When looked at from a global point of view, these results do not contradict 
previous observations obtained at the local level, which show an increase in 
the incidence of infectious diseases with a reduction in biodiversity [4]. It must 
be pointed out that European biodiversity was greatly affected during the last 
ice age, which had reduced both mammal [12] and parasite diversities [13].

Population density that appears to be a recognized determinant of the diver-
sity of pathogens [14] does not seem to significantly influence the diversity 
of infectious agents of European population. Indeed population density is 
used in epidemiological models as an important element when estimating 
the transmission rates of pathogens.

The increase in the number of epidemic diseases in Europe over the last 
sixty years also confirms results from studies carried out worldwide [1]. 
Several factors have been cited, including growing urbanization, increased 
resis tance to antibiotics and climate change [7]. It is important to underline 
however, that this increase in epidemic diseases is strongly correlated with 
the improvements in disease detection and increased healthcare expendi-
tures, reflected in part by the GDP positive effect. This index is certainly 
not the best indicator of investment in health and epidemio-surveillance. 
Nevertheless, work has shown that it is a good proxy of many other health 
indicators, including juvenile and adult mortality [15].

This first analysis of the number of epidemic and non-epidemic diseases should 
be considered as a first step for future work. In fact, the present study did 
not take into account many other factors, such as socioeconomic factors, nor 
had included the microbiological and genetic diversity which may hide beihind 
disease diagnosis.

Another important point of improvement of future studies concerns the 
influence of climate variability, as much on the total number of epidemic 
infectious diseases as on the occurrence of some of the other (non-epi-
demic) infectious diseases reported during the course of the last decades.

Climate variability may have a direct impact on pathogens (environmental 
survival, multiplication, etc.). Our results confirm that the NAO conditions 
could have serious implications for European public health in terms of dis-
eases covering all types of transmission means: by aerosols, as in the case of 
Q fever, by water for typhoid fever, by food for trichinosis, or vector insects 
for tularaemia. Although effects of climate variability have already been 
shown in Europe for certain of these infectious diseases (with the excep-
tion of trichinosis) [10], and in particular for tularaemia in Sweden, no clear 
explanation of the action of climate variability on transmission has yet been 
presented [16].

Climate variability may act indirectly in terms of its effect on social behav-
iors. Accordingly the increase in the tick-borne encephalitis virus (TBE) 
(not tested here) appears to be associated with several factors, including 
increased tick survival during warmer winters and the increase of diagnosed 
cases resulting from greater awareness to the disease, as well as a greater 
number of persons present in endemic zones due to an increase in recrea-
tional activities [17;18]

Nevertheless all the results here depend on the quality of the data used, 
especially data which dates back to the middle of the last century. The 
choice of 1950 as a start date for the statistical series corresponds to the 
post-war period when national and international statistical databases were 
set up (FAO, IMF, World Bank, WHO).

The results presented here have two major implications for epidemio -
 surveillance. The effect of biodiversity on infectious diseases suggests that 

higher-resolution studies, both geographic and temporal, are needed to 
inform it.

In this way, we could, for example, study the statistical relations between 
the changing uses of land (fragmentation on landscape, increasing or reduc-
ing forest areas) and the occurrence of epidemics in order to investigate 
different scenarios for the effects of changes in biodiversity on infectious 
risks. Second, the continuing increases of climate variability, as shown by 
the NAO index [19] could potentially increase the risks of epidemics in the 
near future. Nevertheless more in-depth studies are necessary before pro-
posing the use of climate variability in early-warning systems.
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Many researchers and experts regularly draw the attention of health 
authorities to the possible emergence or re-emergence of infectious 
diseases because of climate change (CC). Nevertheless, some among 
them relativize the role played by CC by stressing the multiplicity of 
determinants which lead to the emergence of infectious diseases [1;2]. 
Against this background, in 2009 we evaluated the French Institute for 
Public Health Surveillance’s (Institut de Veille Sanitaire - InVS) state of 
preparedness for the possible emergence of infectious diseases associa-
ted with CC [3].

From a preliminary inventory [4], 21 pathogens and groups of pathogens 
were identified as being potentially impacted by climate change. A scale 
of criteria was applied, based on the impact of each human infectious 
disease (incidence or prevalence, severity, mortality, epidemic potential, 
means of transmission, existence of prevention and control measures), 
the impact of infections or carrier state in animals (in the case of zoo-
nosis), as well as the determinants associated with the environmental 
context (including CC).

The first question investigated concerned the capacity of our surveil-
lance systems to identify epidemiological changes potentially associa-
ted with CC (incidence increase, change in at-risk groups, etc.). The cur-
rent organisation for infectious diseases includes specific (by pathogen) 
and non-specific (syndromic) surveillance, as well as a reporting system 
for emerging phenomena occurring on national territory or likely to be 
imported [5]. To date, these systems appear to be sufficient for iden-
tifying increases in cases and epidemiological modifications, and, when 
needed, for issuing an alert. Moreover, they are already integrated in 
the existing preparedness and response plans. For example, in main-
land France, the plan to prevent the spread of dengue fever and chikun-
gunya [6] is updated each year according to changes in epidemiological 
and entomological data, notably the period of activity of the Aedes 
vector (currently May to November, but this period may change in the 
future because of CC) and the extension of its habitat area. The plan 
aims to detect cases as soon as there is any suspicion and to organize, 
as quickly as possible, control measures around these cases in order 
to limit secondary spread. In the context of this surveillance system, 
two emergences of the diseases were identified in 2010, respectively: 
2 autochthonous cases of dengue fever in Nice (Alpes-Maritimes area) 
and 2 non-imported cases of chikungunya in Fréjus (Var area). The 
investigation showed that imported cases, reported late and therefore 

escaping control measures, lay at the origin of these non-imported 
cases. This example shows that the climate factor is an important crite-
rion in risk analysis but that the specific role of CC in the emergence of 
these non-imported cases cannot be disassociated from other factors, 
for example international travels (importation of viremic cases) or the 
efficacy of surveillance systems (delay in reporting the first cases) and 
vector control. 

The second question investigated concerned the link between the anti-
cipatory approach (early-warning systems), which aims at detecting 
risks, and the surveillance of effects, which aims at detecting cases. For 
example, increased surveillance of the levels of Legionella in cooling 
towers during the summer period could reduce the risk of occurrence of 
infection in humans, by providing information, issuing alerts and imple-
menting environmental checks when thresholds are exceeded. But the 
efficiency of this risk reduction strategy (reducing exposure) compared 
with the number of cases avoided still remains to be evaluated.

Finally, in the long term, research projects - including sophisticated 
models - will enable the InVS to better prioritize the risks linked to CC 
and to adapt early-warning and surveillance systems. In this priorisa-
tion process, the CC factor should be given equal importance as the 
other factors (environmental, social, demographic, economic, etc) which 
contribute to the emergence of infectious diseases.
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